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Report  Title 

Polycarbosilane  Elastomers  via  Chain-Internal  and  Chain-End  Latent  Crosslinking 

ABSTRACT 

The  mission/objective  of  this  work  has  been  to  identify  a  new  class  of  hybrid  polymers  based  on  carbosilane/carbosiloxane  chemistry,  the 
objective  being  to  create  elastomers  having  excellent  solvent  resistance,  high  initial  modulus,  elasticity  greater  than  600%,  and  tensile 
strengths  2X  greater  than  existing  elastomers.  Polymers  have  been  synthesized  and  are  being  examined  for  their  performance.  All  the 
required  parameters  for  performance  have  been  met  excepting  the  tensile  strength  goal  of  2X  existing  elastomers.  While  the  project  is  now 
concluded  from  a  funding  perspective,  we  continue  to  examine  the  concept  of  dual  latent  crosslinking  to  achieve  the  tensile  strength  goal. 
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The  4  membered  cyclobutene  ring  opens 
thermally  at  elevated  temperature 


Benzocyclobutene  Chemistry. 


Cyclocarbosilane  Chemistry. 
The  4  membered  ring  opens 
thermally  at  elevated  temperature 


Objective:  The  mission  of  our  ARO  supported  research  has  been  to  identify  new  sili¬ 
con/hybrid  elastomer  materials  for  use  under  highly  demanding  conditions. 

Silicon-based  elastomers  offer  advantages  over  pure  hydrocarbon  materials  (greater  elonga¬ 
tion,  better  low  temperature  performance,  higher  operating  temperatures,  better  weathering 
performance),  yet  carbon  based  materials  predominate  on  the  basis  of  greater  tensile  strength 
(2X  that  of  silicones).  A  superior  elastomer  will  merge  these  performance  parameters  via  the 
creation  of  hybrid  silicon/carbon-based  materials. 

What  We  Have  Done.  We  have  introduced  the  concept  of  latent  crosslinking  to  meet  this 
objective.  Linear  carbosilane/carbosiloxane  polymers  are  prepared  first  (to  achieve  the  de¬ 
sired  object  shape),  followed  by  latent  crosslinking  both  internally  and  at  chain-ends  to  fix  the 
article’s  shape  and  achieve  maximum  materials  performance.  Proof-of-principle  research  has 
been  completed  via  fundamental  structure/behavior  investigations. 

Two  of  our  materials  properties  objectives  have  been  met.  We  see  a  3X  increase  in  modulus, 
coupled  with  a  2.5X  increase  in  elongation  for  these  hybrid  materials  in  comparison  with  com¬ 
mercial  silicones.  Tenacities  are  the  same  as  commercial  materials,  values  less  than  needed 
to  meet  our  stated  objective. 

We  note  that  these  tenacities  are  less  than  0.1%  of  the  theoretical  maximum  possible  for 

such  polymers,  based  on  bond  dissociation  energy  analysis.  Obviously  the  problem  is  not  the 
strength  of  the  polymer  chain,  but  rather  the  interaction  between  polymer  chains. 

We  attribute  the  less-than-desired  tenacity  performance  to  insufficient  latent  crosslinking. 
Apparently,  the  moisture  driven  latent  crosslinking  chemistry  implemented  here  is  not  com¬ 
plete  -  moisture  doesn’t  fully  penetrate  the  hydrophoblic  silicon  hybrid  polymer  to  induce  suffi¬ 
cient  crosslinking. 

What  We  Have  Done.  The  answer  lies  in  chain-end  latent  crosslinking  of  a  different  nature, 
chemistry  not  driven  by  moisture. 

We  are  implementing  a  dual-latent  reaction  concept  to  attack  this  tenacity  challenge,  using 
adduct  forming  chain-end  latent  crosslinks.  The  chain-end  latent  crosslinking  reaction  will  be 
driven  thermally,  assuring  complete  conversion. 

Two  potential  chain-end  latent  cross  linkers  are  illustrated  at  the  top  of  this  report.  The  cyclo¬ 
carbosilane  structure  is  particularly  relevant  to  this  research,  since  they  form  adducts  when 
opened  (no  small  molecule  released)  and  generate  dimethyl  silicon  carbide  structures. 


Simply  invoking  thermally  driven  crosslinking  is  not  enough.  Dual  latent  crosslinking  is 
necessary.  Otherwise,  the  strategic  advantage  we  offer  (being  able  to  shape  the  desired 
object  before  crosslinking)  would  be  lost;  the  linear  polymer  would  soften  and  flow  upon 


exposure  to  heat  before  crosslinking  took  hold.  Dual  latent  crosslinking  is  the  key. 


The  existing  moisture  driven  chain-internal  chemistry  first  fixes  the  desired  shape  (so  heat 
won't  flow  the  polymer),  then  then  a  temperature  ramp  drives  the  thermal  chain-end  chemistry 
to  crosslink  the  dangling  chain  ends.  This  chemistry  is  fully  elucidated  in  the  scheme  below. 

This  dual  latent  crosslinking  concept  is  fundamental  in  scope  and  is  being  investigated  now. 
Should  it  prove  beneficial,  then  we  will  expand  the  work  towards  investigation  of  silica-based 
fillers  to  achieve  desired  results. 
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Progress  to  End  of  Funding  Period 

A  number  of  monomers  have  been  prepared  that  possess  the  necessary  moisture 
driven  chain- internal  and  thermally  driven  chain-end  crosslink  sites.  The  repeat  units 
also  contain  oxyethylene  or  carbosilane  repeat  units  as  required  for  elasticity. 

The  unique  end-group  thermal  crosslinker  1 -methyl- l-undec-10-enyl-silacyclobutane 
remains  stable  as  a  potential  crosslink  during  all  of  the  chemistry  that  preceds  it.  It  is 
available  for  the  last  thermally  driven  reaction  for  network  formation  (as  shown  in  the 
reaction  chemistry  illustrated  above). 

While  the  fonnal  ARO  funding  process  for  this  work  is  now  concluded,  we  intend  to 
continue  the  work  using  private  funds  available  to  the  Principal  Investigator.  These 
private  funds  are  being  provided  by  the  Butler  Endowment  fund  within  the  George  & 
Josephine  Butler  Polymer  Research  Laboratory. 

The  final  step  of  this  work  will  be  casting  of  films  for  curing  at  temperatures  in  excess 
of  180  °C  .  We  will  complete  these  curing  studies  and  gather  the  necessary 
mechanical  perfonnance  data  to  see  if  we  can  achieve  our  strength  goal,  which  is  to 
exceed  the  typical  silicon  based  elastomer  tenacity  by  a  factor  of  at  least  2. 
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